Abstract.-The relationships between lower Columbia River water temperatures and migration rates, temporary tributary use, and run timing of adult fall Chinook salmon Oncorhynchus tshawytscha were studied using historical counts at dams and recently collected radiotelemetry data. The results from more than 2,100 upriver bright fall Chinook salmon radio-tagged over 6 years (1998,(2000)(2001)(2002)(2003)(2004) showed that mean and median migration rates through the lower Columbia River slowed significantly when water temperatures were above about 208C. Slowed migration was strongly associated with temporary use of tributaries, which averaged 2-78C cooler than the main stem. The proportion of radio-tagged salmon using tributaries increased exponentially as Columbia River temperatures rose within the year, and use was highest in the warmest years. The historical passage data showed significant shifts in fall Chinook salmon run timing distributions concomitant with Columbia River warming and consistent with increasing use of thermal refugia. Collectively, these observations suggest that Columbia River fall Chinook salmon predictably alter their migration behaviors in response to elevated temperatures. Coolwater tributaries appear to represent critical habitat areas in warm years, and we recommend that both main-stem thermal characteristics and areas of refuge be considered when establishing regulations to protect summer and fall migrants.
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Efforts to manage, conserve, and restore populations of anadromous salmonids in the western USA and Canada have increasingly focused on reestablishing the functional processes of the freshwater ecosystems on which they depend. Unfortunately, freshwater habitats and lotic systems, in particular, are highly vulnerable to alterations caused by competing water uses (Malmqvist and Rundle 2002). Development in watersheds, irrigation withdrawals, reductions of riparian cover, and impoundment and flow management for hydropower generation, flood control, and navigation have all measurably increased thermal inputs to aquatic systems. Rising temperatures can strongly affect species distributions and persistence (Poff et al. 2002) , and these effects will be compounded under predicted scenarios for regional climate change (Mote et al. 2003) . Better predictions of how aquatic populations respond to river warming require an understanding of the behavioral plasticity that exists within individual populations and species. Anadromous salmonids represent ideal study subjects to address this question because of their reliance on and sensitivity to water quality during multiple life cycle stages. Here, we examine the migration behavior and timing of homing adult salmon and discuss their prospects for behaviorally adapting to a rapidly warming migration environment.
Anadromous salmonids are widely distributed and have evolved some of the more complex migration strategies of any group of organisms (Dingle 1996; Dodson 1997) . Among salmonids, Chinook salmon Oncorhynchus tshawytscha exhibit some of the greatest variation in their migration tactics. In the Sacramento River, for example, four runs of Chinook salmon (spring, fall, late fall, and winter) are recognized, while in the Columbia River, there are three distinct runs (spring, summer, and fall), distinguished by season of freshwater entry, spawning distribution and timing, and
